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ABSTRACT An X-bar control chart using the multiple dependent state (MDS) sampling under indetermi- 
nacy is presented in this paper. The MDS sampling utilizes the previous subgroup information if in-decision 
on the first sample. The use of MDS increases the power of the Shewhart control chart to detect a very small 
shift in the process. The advantages of the proposed chart over the past charts are given by simulation and 


real examples. 


INDEX TERMS Uncertainty, indeterminacy, precise, interval value, imprecise, Neutrosophy. 


I. INTRODUCTION 

Every industrial process has natural variation and random 
variation. The control chart used to monitor these variations 
in the process [1]. Hart et al. [2] worked on the application of 
a control chart in healthcare. When the variable of interest is 
measurable, the Shewhart X-bar control chart is usually used 
to track the variation in the mean of the process. But, there is 
a need to enhance its power to track a small change in the pro- 
cess. The operational procedure such control chart is based on 
two control limits using the single sampling scheme. The pro- 
cess is declared as shifted if the plotting statistic cross the 
upper control limit (UCL) or lower control limit (LCL). The 
Shewhart control chart is designed for verity of reasons in 
the literature, see, for example, references [3]-[12]. 

As mentioned earlier, the Shewhart X-bar control chart 
using single sampling does not track a small shift in the pro- 
cess. Therefore, the use of multiple dependent state (MDS) 
sampling in control charts makes them powerful to detect a 
small shift in the process. 

The MDS sampling utilizes the previous subgroup infor- 
mation if in-decision on the first sample. The control 
charts designed using MDS sampling are more efficient 
than charts using single sampling. The application of MDS 
sampling-based charts can be seen in [12]- [15]. 
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An approach that is used to compute the degrees of truth 
and falseness is known as fuzzy logic. The neutrosophic logic 
that is extension of fuzzy logic and computes the degrees 
of truth, falseness, and indeterminacy, see [16]-[20]. The 
Neutrosophic Statistics (NS) is the generalization of classical 
statistics (CS). The NS compute the measure of indetermi- 
nacy and applied when the data has imprecise or uncertain 
values. On the other hand, CS can be applied only when 
determined observations are available. Aslam and Khan [21] 
proposed X-bar chart using NS. More details about NS can be 
seen in [22] and [23]. Aslam [23] introduced NS in the area of 
statistical quality control. Some applications of control charts 
under NS can be seen in [21], [24]-[27]. 

The authors could not see work on X-bar control for MDS 
sampling under NS. In this paper, we will present the design 
of X-bar control for MDS sampling under NS. The efficiency 
of the proposed chart under uncertainty will be compared 
with [21] control chart in terms of neutrosophic average 
run length (NARL). We expect that the proposed chart will 
perform better than the existing chart under the uncertainty 
environment. 


Il. PROPOSED CONTROL CHART 

Let mye [m_, my] and one [or, oy] represent the neutro- 
sophic mean and standard deviation of neutrosophic ran- 
dom variable Xyje [Xr, Xy]; i = 1, 2, 3,..., ny selected 
from the neutrosophic normal distribution. Let X, NE [хи, X u] 
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has the neutrosophic normal distribution with the neutro- 
sophic sample mean mye [mr,, my] and standard deviation 
ON / „пу, where nye [nL, ny] be neutrosophic sample size. 
Based on this information, the neutrosophic lower control 
limits (NLCL) and neutrosophic upper control limits (NUCL) 
are given by 


ON 
LCLjN = my — kin ———; тує [mL, my], 
J/ny 
ONE [or, eu] (1) 
ON 
UCLiy = my + kin ——; Mye [mr, mu], 
Any 
owe [01,, ou] (2) 
LCLoN = my — Юу е 
Any 


ONE [or. ou] (3) 


ON 
UCL2y = my TEN S тує [my , mu], 
N 


owe [or. ou] (4) 


; тує [mr, mu], 


where kiwe[kir, kiy] and Kowe[kor,kouy] are neutro- 
sophic control limits coefficients associated with outer 
and inner control limits, respectively. The proposed chart 
using MDS sampling under neutrosophic statistical interval 
method (NSIM) is stated as follows 

Step-1: Establish 1СІлмє [LCL ir, LCL yy], 
UCL ne [UCL], UCL\y] ; 

LCL2ne [LCLor, LCLo;] and UCLoye [UCLor , UCL2y ] 
for the in-control process. 

Step-2: Select a neutrosophic random sample Xyje 
[Xr, Xu] of size nye [nr, ny] and compute Xy e[Xr, = 
Xit Х/т., Xu = У Xu/nvl. 

Step-3: Declare the process in-control if LCLoye 
[LCL2,, LCL»u] < Хмє [Xz, Xu] < 
UCLoy€ [UCL2,, UCL2y] . Otherwise, move to Step-4 

Step-4: The process is in-control if ive [iz , iy] processing 
subgroups are in-control, otherwise out-of-control. 

Note here that based on Step-1 to Step-4, it can be 
noted that the proposed chart has two inner NLCL and two 
outer NLCL. According to these steps, the process is said 
to be an in-control state if the values of plotting statis- 
tic Xwe [X.. Xu] are within LCL2ye [LCL2,, LCL2y | and 
UCLzyn€ [UCL 2,, UCL5y], otherwise, declare the process is 
out-of-control. If the experimenter is in-decision about the 
state of the process, then, the previous in-control subgroups 
are considered to take the decision about the state of the 
process. The process is declared in-control if iye [iz, iu] 
previous subgroups are in-control. 

The control chart proposed by [21] is the special case of the 
proposed control chart. The proposed control chart reduces to 
Shewhart X-bar chart if no uncertain observation is recorded 
from the production process. The neutrosophic probability of 
in-control when the process is at target, тує [mr , my], say 
Pinon € (Pinot; Pinou ] is derived by following [13] as 


Pinoy = P(LCLoy < Хує [Х1, Xy] < UCL) 
+P {LCL < Xne [XL Xu] < LCL | 
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+ P{UCLin < Хує [Хт., Xu] < UCL 2y | 
{Р (LCL < Xwe [х Xu] < UCL) }"™ : 
PinoN € [PinoL, Рюи]; iv € Lir, iu] (5) 


Let Zy = (Ху — my) / (on / ny): 2мє[21, 201 and 
Фу (xy); Pn (xy) є [PL (xL), Фу (xy)] be а neutrosophic 
standard random variable and neutrosophic cumulative 
distribution function, respectively, see [22], [23]. The 
Pinon € (Pino, Pinou | can be simplified as follows 


P (LCL < Xwe [XL Xu] < ОСІлу) 





-PpP ЕЗ — my Хү — тү 2 UCL2N — ud : 
Е ом / „пу SE TIR ON / A/ y ' 
mye [mL, ту], Xve [Xz, Xu] (6) 
P (LCL < Xye [XL Xu] < UCL2) 
= Фм (oy) — Фм (—Ком) = 2Фм (oy) — 1 (7) 


Similarly 


P {LCL < Xwe [XL Xu] x LCLan} 
+P{UCLiy < Xwe [X.. Xv] < UCLw| 
= 2 [Фм (kin) — Фм (loy)] : Xve [Xz Xu] (8) 


The Pinon € (Pinot; Pinoy ] given in Eq. (5) can be written as 


Pinon = (2Фм (oy) — 1) + {2 [Ow (kin) — Фм (м)]) 
(QN (kan) — DI" ; Pinoweé [Pinor; Pinou ; 
імє [iz, iu] (9) 
The performance of the control chart is mostly measured by 


the neutrosophic average run length (NARL). The NARL 
using Pinon € [Pinor. Pinoy ] is given by 
ARLon 

1 


~1={20n oy) =) + ONEN- Фу hon) HCN ox) – Dy] 
ARLoy€[ARLor; , ARLou] (10) 





Suppose that түү = my + coy ;miwe [mir, muy], owel[or. 
oy] denotes the target mean for the shifted process, where 
c denotes the shift constant. The probability of in-control 
at тує [mir, miu], say Pinin€ [PiniL, Piniu] is derived as 
follows 


P (LCL < Xwe [X.. Xu] < UCL»y mi) 





Lp LCL2y — my Ху — тү ОСІ 2ү — my . 
on | „пу ^oow/ Any — on | „/пу 
mye (mt, my], Xve [XL, Xu] (11) 


P (LCLov x Хує [Х1., Xu] < UCLox) 
= Фу (loy — супу) + Фм (ом + супу) — 1 (12) 


Similarly 


P {LCL < Хує [XL Xu] < LCLoy| 
+ P{UCLin < Xye [X., Xu] < UCL | 
= On (kly + сулу) — Фм (Юм + сула) 
+ Onkiy — супу) = Фу (ом — c/ny) ; Xve[Xz, Xu] 
(13) 
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TABLE 1. The values of NARL when nye [2, 5] and /e [2, 4]. 







































































kin [2.9821,3.2926] | [3.4265,3.6855] | [3.8032,3.8958] 
kon [2.1151,2.1354] | [2.0805,2.1896] | [2.0974,2.2258] 
C NARL 
0 | [200.08,202.09] | [300.98,300.49] | [374.22,371.22] 
0.01 | [199.89,201.56] | [300.66,299.66] | [373.83,370.17] 
0.02 | [199.3,199.98] | [299.72,297.19] | [372.66,367.03] 
0.05 | [195.26,189.48] | [293.28,280.73] | [364.62,346.16] 
0.08 | [188.11,172.11] | [281.86,253.57] | [350.36,311.78] 
0.1 | [181.88,158.17] | [271.91,231.85] | [337.93,284.35] 
0.2 | [140.87,87.99] | [206.48,124.15] | [255.73,149.49] 
0.3 | [98.95,43.77] [140.37,58.84] | [172.29,69.28] 
0.4 | [66.5,22.12] [90.53,28.35] [109.61,32.64] 
0.5 | [44.19,11.96] [57.58,14.67] [68.6,16.53] 
0.6 | [29.57,7.04] [36.93,8.3] [43.28,9.17] 
0.7 | [20.12,4.53] [24.18,5.15] [27.89,5.59] 
0.8 | [14,3.17] [16.26,3.5] [18.48,3.73] 
0.9 | [9.99,2.39] [11.27,2.57] [12.63,2.7] 
0.95 | [8.53,2.12] [9.5,2.26] [10.57,2.36] 
1 | [7.33,1.91] [8.06,2.02] [8.92,2.1] 











The Pinne [Pinit, Pinu] at mine [mir, miu] is given by 
Pinin = (Фу (kon — супу) + Фу (kon + супу) — 1) 
+ {Фу (kin + сулу) — Фм (kən + супу) 
+ Ow (kin — сулу) — Фу (kon — e/ny)] 
{(®n (kən — супу) + Фм (kzn +es/ny) — yy’; 
Pinin€ [Pinits Pinu]; ine [iL, iu] (14) 


The NARL using Pinin€ [Рог Ру] is given by 


ARLiw = 





ARL ne [ARL i1, АКТ], 


Pinin€ [PintL; Ро] (15) 


The values of АКГ [АКГ , АК у] for various 
ny€ [nr, ny], ive liL, iy] and с and shown in Tables 1-3. 
From Tables 1-3, we note that for the same value of 
iy € [2, 4], the values of ААГ мує [ARL1,, АКГ, | decreases 
пує [nr , ny] increases from nye [2, 5] to nye [8, 10]. 

The following algorithm under NSIM is implemented to 
find kine [kiz, Күр], kone [kor, kou] and ARLi1we[ARL ir, 
АКГ]. 

1. First of all fix the suitable values of nye [nz, ny], 
імє liL, iy] and specified ARLoye [ARLor , ARLou], 
say ron€ [roL, rou]. 

2. Determine kiN€ [kir, kıy] and kow€ [k2L, kou] for 
which ARL ye [ARL1,, ARLiy] > rone [roL, rou]. 


1 — Рых 
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3. Several combinations of кує [Kir , kıy] and koye[Kor, 
koy | exist and choose that one where ARL y e[ARL i1, 
АКГ] is very close to roywe [ror , rou]. 

4. Determine ARL є [АКГ ү, АКГ | for various c. 


Ш. ADVANTAGES OF THE PROPOSED CHART 

The same values nye [nr , ny] and c are considered to com- 
pare the performance of the proposed chart with [21] control 
chart. In control chart theory, it is well known that a chart 
having smaller values of ААГ ує [ARL 1r, ААГ] is called 
an efficient chart. The values of ARLiye [АКГ jr, АКГ] 
when roy e [200, 200], rone [300, 300] and rove [370, 370] 
for [21] control chart are shown in Table 4. The values of 
ARL ye [ARL ir, ARLiy] when i = [2, 4] are shown for the 
proposed control chart. 

From Table 4, it can be charted that the proposed chart 
using MDS sampling under NSIM has smaller values of 
ARLné [АКГ үү, АКГ] as compared to [21] chart using 
single sampling under NSIM. It is worth to note that the pro- 
posed chart provides the smaller АКГ є [АКГ jr, АКГ] 
for roy «€ [200, 200], roy € [300, 300] and roy e [370, 370]. For 
example, when rove [370,370] and с = 0.1, the val- 
ues of ARLiye [ARL1,, АКГ үү] from the proposed chart 
is ARL,ye [289.7, 259.39] and from [21] control chart 
it is ARL|1ye [296.275, 274.526]. We note a significant 
reduction in ААГ ує [ARL 1r, ААКу] as compared to [21] 
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TABLE 2. The values of NARL when nye [5, 7] and /e [2, 4]. 










































































kw | [3.2459,3.4177] | [2.9415,2.9431] | [3.095,3.2336] 
kon [2.0069,2.119] | [2.6841,2.7744] | [2.3239,2.3269] 
c ARLO 

0 | [200.6,201.39] | [300.77,303.11] | [371.46,373.71] 
0.01 | [200.11,200.65] | [300.06,302.09] | [370.46,372.19] 
0.02 | [198.65,198.48] | [297.91,299.08] | [367.48,367.7] 
0.05 | [188.92,184.25] | [283.66,279.43] | [347.7,338.56] 
0.08 | [172.71,161.64] | [260.19,248.45] | [315.36,293.28] 
0.1 | [159.6,144.31] | [241.4,224.83] | [289.7,259.39] 
0.2 | [91.94,68.08] | [146.06,119.26] | [163.28,117.31] 
0.3 | [47.28,29.59] | [81.89,60.08] | [83.55,49.17] 
0.4 | [24.44,13.79] |[46.3231.33] | [42.96,21.88] 
0.5 | [13.33,7.22] [27.06,17.23] | [23.01,10.81] 
0.6 | [7.82,4.29] [16.44,10.06] | [13.03,6] 

0.7 | [4.94,2.86] [10.42,6.26] [7.87,3.75] 
0.8 | [3.372.11] [6.9,4.17] [5.08,2.61] 
0.9 | [2.47,1.69] [4.78,2.97] [3.5,1.98] 
0.95 | [2.17,1.55] [4.05,2.57] [2.98,1.78] 

1 | [1.93,1.43] [3.47,2.26] [2.58,1.62] 








control chart. From this study, we conclude that the proposed 
chart is more efficient than the existing control chart in 
ARL ye [ARL ү, АКГ]. 

To show the efficiency of the proposed chart over [21] 
control chart graphically, we used the simulated data gener- 
ated from the in-control process when Xy;e [Xy , Xy] follows 
the neutrosophic normal distribution with mye [0, 0] and 
on€ [1, 1]. Among the 40 observations, the first 20 observa- 
tions are generated when mye [0, 0] and next 20 observations 
are generated when c = 0.5. For the simulation study, 
we fixed i = [2, 2], nye [5, 5] and row e [370, 370]. The table 
value for these parameters 15 ARL1ye [23.01, 10.81] which 
indicates that the control should detect the shift in the process 
from the 10" sample and 23" sample. The values of statistic 
Xye [Xz, Xu] are computed and plotted in Figure 1 for the 
proposed control chart and on Figure 2 for [21] control chart. 
From Figures 1-2, we note that according to the expecta- 
tion, the proposed chart indicates the shift in the process 
in a given indeterminacy interval. The proposed chart also 
shows several points in the in-decision indeterminacy inter- 
val which is required the practitioner’s attention. For such 
points, the decision will be taken on the basis of the previous 
two subgroups. It means that at these points, the process is 
declared to be an in-control state if 2 previous subgroups are 
an in-control state. On the other hand, the existing control 
chart also indicates some points are in the in-decision area 
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but it does not detect the shift in the process. From this 
study, we conclude that the proposed control chart is more 
efficient as compared to the existing control chart. Therefore, 
the proposed chart is effective and adequate to be applied in 
an uncertainty environment. 


IV. CASE STUDY 

Now the application of the proposed chart using MDS sam- 
pling under NSIM is given with the aid of automobile industry 
data. The inside diameter of engine piston rings is quality 
of interest and the practitioner wants to track it using the 
proposed control chart. Note here that the inside diameter is 
a continuous variable and measured with the help of some 
instrument. As mentioned by [28] “all observations and mea- 
surements of continuous variables are not precise numbers 
but more or less non-precise. This imprecision is different 
from variability and errors. Therefore also lifetime data are 
not precise numbers but more or less fuzzy. The best up- 
to-date mathematical model for this imprecision is so-called 
non-precise numbers”. Therefore, it may possible that the 
recorded data have some neutrosophic numbers. The data 
having Neutrosophy cannot be analyzed using classical statis- 
tics. It is important to note that analyzing the inside diameter 
of engine piston rings data having a neutrosophic number 
using the classical statistics may mislead the experimenters 
or may increase the defective items of engine piston rings. 
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TABLE 3. The values of NARL when nye [8, 10] and /e [2, 4]. 

























































































kin | [3.1302,3.5303] | [3.1254,3.4095] | [3.3928,3.585] 
kon | [2.0376,2.1125] | [2.1834,2.2187] | [2.1444,2.2425] 
C NARL 

0 | [200.33,203.39] | [300.06,304.45] | [375.43,370.46] 
0.01 | [199.54,202.34] | [298.79,302.73] | [373.79,368.33] 
0.02 | [197.2,199.24] | [295.02,297.69] | [368.93,362.02] 
0.05 | [182.01,179.44] | [270.69,265.71] | [337.48,322.13] 
0.08 | [158.31,149.79] | [233.31,218.75] | [289.12,263.71] 
0.1 | [140.49,128.52] | [205.65,185.75] | [253.34,222.8] 
0.2 | [65.02,49.44] [92.31,67.95] [108.46,78.86] 
0.3 | [28.2,18.73] [39.01,24.58] [43.39,27.58] 
0.4 | [13.13,8.22] [17.62,10.29] [18.74,11.21] 
0.5 | [6.82,4.32] [8.82,5.15] [9.1,5.48] 

0.6 | [4,2.69] [4.96,3.06] [5.01,3.19] 

0.7 | [2.63,1.92] [3.12,2.11] [3.12,2.17] 

0.8 | [1.92,1.53] [2.19,1.63] [2.17,1.66] 

0.9 | [1.53,1.3] [1.68,1.37] [1.66,1.38] 
0.95 | [1.4,1.23] [1.52,1.28] [1.5,1.29] 

1 | [1.3,1.17] [1.4,1.21] [1.38,1.22] 
— * 

| = % 
UCL1L=1.3841 o 
c AJCL1U-1.9222 


UCL2L-1.0393 








` 
o 


o 





LCL2U--0.8795 





LCL2L--1.0393 








LCL 1U--1.2222 





LCL1L=-1.3841 








"кзз т P0 — m0 


о 10 


20 зо 40 


Sample Number 


FIGURE 1. The control chart for the proposed chart using simulated data. 


The same data given in Table 5 is used by [21] to design a 
chart using single a sampling scheme. 

The values of statistic Хує [х, Xy] are given in the last 
column of Table 5. The neutrosophic control limits when 
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i = [2, 2], nye [5, 5] and rove [370, 370] are given by 


LCL 1ye [73.9871, 73.9881]; ove [0.008896, 0.009399] , 
тує [74.001, 74.001] UCL lye [74.01484, 74.01386] ; 
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TABLE 4. Comaprision of two charts when nye [5, 7] and ie [2, 4]. 





Existing Control Chart 


Proposed Control Chart 





roy €[200,200] 


Ton €[300,300] 


Ton €[370,370] 


Tov €[200,200] 


Ton €[300,300] 


Ton €[370,370] 





ARLyy 


































































































0 | [200.353,201.421] | [300.105,302.326] | [371.082,372.596] | [200.6,201.39] [300.77,303.11] | [371.46,373.71] 
0.01 | [199.917,200.808] | [299.397,301.326] | [370.17,371.314] | [200.11,200.65] | [300.06,302.09] | [370.46,372.19] 
0.02 | [198.62,198.987] | [297.29,298.363] | [367.458,367.516] | [198.65,198.48] | [297.91,299.08] | [367.48,367.7] 
0.05 | [189.951,187.037] | [283.258,279.007] | [349.429,342.764] | [188.92,184.25] | [283.66,279.43] | [347.7,338.56] 
0.08 | [175.549,167.983] | [260.138,248.483] | [319.851,303.953] | [172.71,161.64] | [260.19,248.45] | [315.36,293.28] 
0.1 | [163.906,153.27] | [241.62,225.196] | [296.275,274.526] | [159.6,144.31] | [241.4,224.83] | [289.7,259.39] 
0.2 [103.143,85.323] [147.48,120.865] [178.023,144.66] | [91.94,68.08] [146.06,119.26] [163.28,117.31] 
оз | [60.386,15.202] | [83.84,62.047] | [99.695,73.029] | [47.28,29.59] [81.89,60.08] [83.55,49.17] 
0.4 | [35.753,24.983] | [48.32,33.185] | [56.672,38.458] | [24.44,13.79] [46.32,31.33] [42.96,21.88] 
0.5 | [21.931,14.577] | [28.891,18.798] | [33.443,21.463] | [13.33,7.22] [27.06,17.23] [23.01,10.81] 
0.6 [14.016,9.018] [18.013,11.301] [20.588,12.718] [7.82,4.29] [16.44,10.06] [13.03,6] 
0.7 [9.341,5.91] [11.718,7.203] [13.227,7.992] | [4.94,2.86] [10.42,6.26] [7.87,3.75] 
0.8 [6.487,4.094] [7.949,4.858] [8.864,5.318] | [3.37,2.11] [6.94.17] [5.08,2.61] 
0.9 [4.689,2.992] [5.617,3.461] [6.19,3.739] | [2.47,1.69] [4.78,2.97] [3.5,1.98] 
0.95 [4.045,2.606] [4.792,2.979] [5.251,3.198] [2.17,1.55] [4.05,2.57] [2.98,1.78] 
1 [3.523,2.299] [4.129 2.596] [4.499 2.771] [1.93,1.43] [3.47,2.26] [2.58,1.62] 
co 
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FIGURE 2. The control chart by [21] using simulated data. 
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The values of Xye [Хт., Xu] plotted in Figure 3 for the 
proposed control chart and in Figure 4 for [21] chart. 
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FIGURE 3. The proposed chart for real data. 
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FIGURE 4. The chart by [21] for real data. 
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From Figure 3, it can be noted that 3 points are within the within the in-decision area can be interpreted as follows: the 
in-decision indeterminacy interval while the existing control practitioner should observe the two previous subgroups to 
chart shows the process is an in-control state. The points make the decision about the state of the process. 
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TABLE 5. The real example data [21]. 























































































































Sample Observation XyelXy Xy] 
[74.019,74.0.19] 73.992,73.992 74.008,74.001 [74.0102,74.0066] 
1 [74.03, 74.03] 74.002, 73.991] 
74.001,74.001] 74.011,74.011 74.004,74.004 [74.0006,74.0028] 
2 73.995, 73.995 73.992, 74.003] 
74.021,74.021] 74.005,74.005 74.002,73.995 [74.008,74.0124] 
3 73.988, 74.017 74.024, 74.024] 
73.993,73.993] 74.015,74.015 74.009,74.009 [74.003,74.003] 
4 74.002, 74.002 73.996, 73.996] 
74.015,74.015] 73.989,73.989 74.014,73.998 [74.0034,74.0002] 
5 73.992, 73.992 74.007, 74.007] 
73.997,73.997] 73.985,73.985 73.993,73.993 [73.9956,73.997] 
6 74.009, 74.009 73.994, 74.001] 
73.994,73.994] [74,74] [74.005,74.005 [74,74.0006] 
7 73.995, 73.998 74.006, 74.006] 
73.993,73.993] 74.015,74.015 73.988,73.988 [73.9968,73.9982 
8 73.985, 73.985 [74.003,74.01] 
74.009,74.009] 74.005,74.005 74.004,74.004 [74.0042,74.0036 
9 74.008, 74.005 73.995, 73.995] 
[73.99,73.99] 74.007,74.007 73.995,73.995 [73.998,73.998] 
0 73.998, 73.998 [73.998,73.998] 
73.994,73.994] 73.995,73.995 [73.99,74.001] [73.9942,73.9972 
11 73.994, 73.998 [74,74.002] 
74.007,74.005] [74,74.001] 73.996,73.996 74.0014,74.0016 
2 74.004, 74.004 [74,74.002] 
73.998,73.998] 73.997,73.997 74.012,74.005 [73.9984,73.999] 
13 73.983, 73.993 74.002,74.002 
73.994,73.994] [74,74] 73.984,73.996 73.9902,73.9962 
4 74.006, 74.006 73.967,73.985 
73.998,73.998] 73.999,73.999 74.007,74.007 [74.006,74.0056] 
5 74.012, 74.012 74.014,74.012 
74.005,74.005] 73.998,73.998 [73.996,73.996 73.9966,73.9966 
16 [74, 74] 73.984,73.984 
73.986,73.986] 74.005,74.005 [74.007,74.007 74.0008,74.0008 
17 73.994, 73.994 74.012,74.012 
74.018,74.018] 74.003,74.003 [74,74.001] 74.0074,74.0078 
8 74.006, 74.006 [74.01,74.011] 
74.003,74.003] 74.005,74.005 [73.997,73.997 73.9982,73.9982 
19 73.984, 73.984 74.002,74.002 
74.013,74.009] [74.02,74.015] [74.003,74.003 74.0092,74.0074 
20 [74,74] [74.01,74.01] 
74.015,74.015] 74.005,74.005 [73.996,73.996 73.9998,73.9998 
21 73.982, 73.982 74.001,74.001 
[73.99,73.99] 74.006,74.006 [74.009,74.002 74.0016,74.0002 
22 74.004, 74.004 73.999,73.999 
[73.99,73.99] 74.009,74.005 [74.014,74.011 [74.0024,74.001] 
23 [74.01, 74.01] 73.989,73.989 
[73.993,73.993] [74,74] [74.01,74.011] 74.0052,74.0046 
24 74.015, 74.011 74.008,74.008 
[73.995,73.995] 74.017,74.012 [74.013,74.01] 73.9982,73.9976 
25 73.982, 73.982 73.984,73.989 





























V. CONCLUDING REMARKS 

In this paper, the X-bar control chart using MDS sampling 
under NSIM is presented. The probabilities of in-control and 
out-of-control processes are derived. Some necessary tables 
are given for industrial use. The neutrosophic algorithm is 
also given to determine the values of NARL. The comparison 
of the proposed chart is given over the existing chart with 
the aid of NARL, simulation, and real example. From this 
comparison, we concluded that the proposed chart performs 
better in detecting a shift in the process as compared to the 
existing chart. We recommend the use of the proposed chart 
in the industries for the monitoring of complex processes 
or where uncertainty is found in recording the data. The 
proposed control chart for the big data is a fruitful area 
of future research. The proposed chart using the ranked set 


152240 


sampling can be considered as future research. The proposed 
chart using some non-normal distributions is also a fruitful 
area for future research. 
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